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NEURAL REGULATION OF THE BIOCHEMICAL PROCESSES
OF NERVE ACTIVITY (ACTIVITY OF CHOLINESTERASE )

Zhurnal Obshchepy Biologii
Moscow, Jul-aug 1953

3By N. F. Baranova, Ye. N. Speranskaya
Lab of Nerwve Reculation of Endocrine Functions,
Inst of Physiol im. I. P, Pavlov, Acad Sci USSR

Clinical study of human endocrine diseases and laboratory observations of
animadsy the functlions of Widse, enddopire glaods have been experlmentally dis- |
ripfed, always afford’ clearly .defin Héygdenpa~gg{&wd;stuxbyype:gq;ﬁﬁ!?ue?vous
System.  These nervous disfurbances are frequentIy - the “primary factor come
Pelling a patient to consult a physiciun. Functional disorde;qn-of»sohe
nervous system affect all the branches of the system, and may. be__.
made manifest 1n various wgys: insomnia, ‘a general aﬁgte of excife-

ment, somnolence, apathy "inability to concéntrate various -“disturbances
of the digestive tract, skin diseases, and reguiatory éisturbances in the

cardiovascular gystem and other physiologica: systems of the organism. These
phenomena, which are connected with functional disorders of the nervous system,
are peculiar, ir many of their manifestations, to numercus endocrine disorders.
This attracted our attention, and prompted our laboratory many Yyears ago to
undertake the study of the prcblenm involved in the neural regulation of physi-
ological functions in cases of endocrine imbalance.

Endocrine disturtances “ause marked changes in the internal envirooment of
an organism. The unusual complexity of this problem caused us to include in
our study of the Physiological mechanicms an investigation of intimate bio-
chemical processes connected with the functions of the nervous system. This
article deals with some of the data obtained in our research,

All the functions of ap organism, the entire "internal world" of animals
and men, is under the constant regulatory inrluence of the nigher divisions of
the central nervous system, {.e., the zerebral cortex. I. P. Pavlov formuisted
this postulate in the following way, "This hirher divisions control all the
phenomena occurring in the body. ... The more perfect the centrai nervous system
of an animal organism is, the more centralized it is, and the more does its
higher division determine and define the entire activity of the d{ganiam"

(Ref 1, 1933, pp 409-410).

Impulses arising in the internai organs of an organism are exceptionally
important to the functional condition and constant tonus of the cerebral cortex.
"These irritations arising in the internal orzans, even though we may not be
aware of them, nevertheiess constantly maintain the high tonus of the cerebrum”
(Ref 1, 1935 p 421).

Concomitant with the study of the innerreiationships between an organism
and its externai environment, the problem of the processes occurring within the
organicm itsclf was ever present in the mind of I. P. Paviov. He wrote: "In
the cor cex, together with a drandiose representation of the outside.  world
through the afferent fivers (and this is an essential condition of the higher
regulatory functions ), there i{s also a wide representation of the internal
world of an organism, i1.e, the operational conditior of the mass of organs and
tissues, and the mass of internal organic processes (Ret 1, 1932, p 1k0).
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The problem of the effect of an irritgtion which arises in an internal or- ;

gan and affects the activity of the cerebrum has been thoroughly elaborated by : :
K. M. Bykov and his associates (2), Their efforts also show the important role ~S———r
of the humoral factor and of the hormonal activities of the endocrine glands in

works of Balakshins (3), Bykov and Alekseyev-Berkman (2}, Kel'man (4), Ol'yanskaya
(5), and others also demonstrate the participation of the endocrine glands (the
hypophsic, the suprarenal, and the thyroid)in the process by which the cerebral
cortex regulates the activity of the internal organs and of the various tissue
processes,

A cassation or disturbance of the functions of the endocrine glands dis-
rupts the operation of all branches of the cerebral nervous system, and prima-
rily that of 1its higher divisions, Associates of I. P. Pavlov made numerous
Observations in thig field. For a review of this work see A. G. Ivanov-Smo-
lenskiy (6).

Insofar as all nerve processes are based essentieily on g physicochemical
mechanism, disturbances in the nerve process observed in cases of endocrine im-
balance are likewise based on changes in the physicochemical reactions occu-
ring in the organisms. This assumption vwas frequently emphasized by I. P. fav-
lov in a number of his works. In one of them, he wrote, "It {s self-evident
that besides such particular questions regarding disturbances of normal nerve
activity, another problem still faces physiologists, the problem of the physi-

cochemical mechanisn of tne most elementary processes: irritation and in-
hibition and their interrelaCLonships and overstrains” (1)

humoral 1ink, which is active during the transmission of a nerve impulse. The
concept of the humoral link, as we understand it, includes mediators (acethyl-
choline, sympathin) released by the activity of the nervous system, products of
metabolism occurring in the nerve tissues and in the innervated organs and tis-
Sues, and hormones from the endocrine glands. The importance of the vitamins
which participate in the complicated biochemical reactions involved in nerve
Stimulation must not be forzotten. Thus, for exaunple, Vitamin Bl is an indis-
Pensable component ~f carbohydrate metabolism, i.e., of n series of processes
which play an important part in the activity of the nervous system at all of
its levels.

In our research we proceeded from the assumption that whenever disturbances
of endocrine activity take place, which always produce changes in the functional
condition of all divisicns of the nervous system, including that of the cerebral
cortex, changes in physicochemical brocesses occur, One of the components of
the complicated and numerous biochemical processes is acethylcholine metabolism,
which actively participates in the operation of the nervous process.

The works of our laboratory which have already been publiched (6, 7, 10)
indicate that in various pathological conditions, including endoerine disturb-
ances, the liberation of mediators (sympathin or acetyicholine-jike substances)
occurs in amounts Qualitatively and quantitatively capable of producing a re-
action corresponding to tha“ induced by the.given mediator in a normal organ of
a8 normal organism. These phenomena occur af the level of the terminal ends of
the vegetative nerve fivers, notwithstanding inversion of the effect or absence
of an effect on the organ upon irritation of these fibers. 1In an organism in
: which pathological conditions exist, i.e., intoxocation or functional disorders

of the endocrine glands due, for example, to the removal of the hypophysis or
the suprarenal glands, the irritation of the nerve conductors may produce either
no reaction on the part of the Organ, or an inverse effect,
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The data in this article concern the probvlem of clarifying ‘he changes in
the activity of the enzyme which decomposes acetycholine in an organism, i.e.,
cholinesterase. e consider it essential to ¢larify the nerve wechanism which
regulates the activity of cholinesterase, which, together with the other enzymes
and biochemical components of nerve activity, participates in the intimate re-
actions that bring about the nervous processes. In one series of experiments
we studied the effect of the irritation of nerve fibvers on the activity of cho-
linesterase bresent in the tissurs of organs. In another series we traced the
effect of the severing of a nerve ang of its consequent degeneration on the
activity of the cholinesterase Present in tissues of the same orgzans. In a
third series of experiments we determined the role of endocrine Tactors in the
neural rezulation of cholinesterase activity,

The research was conducted at various times of the year using frogs. A
detailed account of the experiments :j; siven in the works or Baranovs (8), 1n
order to determine the effect of irritation of the nervous system on the activ-
ity of cholinesterase, ve irritated tne vegetative nerve fivers which innervate
various organs. We observed the effects of irritation of the sympathetic and
barasympathetic nerve fibers that Inrervate the liver, and of the Sympathetic
fibers of skeletal muscles which were in g tonic or tetaric state. For these
experiments, we used the forearm and sural muscles of a frog. Research was
also done on the activity of cholinesterase in cases where there was complete
denervation of these muscles,

Experimentsal irritation of tpe Sympathetic nerve fibers of the liver either
increased or decreased the activity of cholinesterase. Similar changes were
8ls0 observed whep the parasympathetic nerve fibers were irritated, These
changes, however, were less bronouncel, and showed a tendency toward a decrease
in activity (Pig 1),

Irritation of the parasympathetic nerve fibers which innervate the skeletal
muscles also caused some changes in the activity of the enzyme. These changes
however, were considerably less intensive than those observed when the Sympa-
thetic fibver. which innervate the liver were irritated. The activity of cho-
linesterase in groups of skeletal muscles with differing functions showed var-
ious changes. 1Ip the muscles of & frog's forearm, which may also function ag
tonic muscles in connection with the Seasonal change in metabolism during
spring :time, the activity of cholinesterase changed considerably when the nerve
fibers were irritated. However, in the sural muscles, whose function remains
the same during alj seasons, the activity of the enzyme showed little varia-
tion (Fig 2),

It should be noted that the cholinesterase activity in these functionally
different £roups of skeletal muscles varies even without irritation of the
sympathetic nerve fibers which innervate them. In a series of' experiments in
which we compared the activity or cholinesterase in the muscles of the forearm
(functioning in she sprinz as g tonic-type musese), ani tre tip (tetanic), und
in the straizht muscle: o the ablouen (“ocic) and sura. muscies (tetanic),
our observations revealed that this activity was aorreciably higher in tonie
muscles than in tetanic musecles. Chonges in the 2ctivity of cholinesterase in
tetanic museles were observed more rarely, Such chonges vere relatively in-
significant in meenitude,

In order te determine the role of the nmotor nerves in the regulation of
the activity of cholinesteruse, we observed the activity of this enzyme in the

& totally denervated forearm and sural muscles of zn animnl (frog) and compared
it with the activity in the seme muscles of normal extremities of the same
anim:l. The mzjority of experiments showed a slight Jdeerease in the activity
of cholinesterase in a denervated extremity a5 comnared with this activity in
the normal extremity used as control. These chenges were expressed some-
what more definitely in the muscles of the forearm then in the sural muscles,
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The activity of cholinesterase iy the liver and the skeletal musculature
changes under the influence of impulses transmitted by the vegetative nerve fi-
bers. These impulses may cause rapid shifts in the activity of the enzyme.

! In contrast to the rapid emergency read justments produced in an organism
by nerve impulses, the hormones cecreted by the endccrine glands as a result
of the action of the nervous system, especiclly the cerebal cortex, also pro-
duce functional readjustments of the organs and tissues. These read justments,
however, cceur much more slowly. We otserved the regular character of such
changes in relation to cholinesterase activity. These changes def'initely occur
during endocrine disturbances, and not only in pathologieal conditions of an
organism; they can be easily detected in normal rrogs during the seasonal re-

udjustment of metabolism, especially during the spring.

Our experiments &how that the activity of cholinesterase in the liver of
normal froge during the spring is considerably lower than that in the muscles
. of the forearm, while 1n the fall, it is higher. This may be explained by the
frog's winter periods of starvation, which cause a sharp decrease 'in the gly-
cogen content of {ts liver,

The importance of carbohydrate metabolism for the acetylchol ..e metabolism
has been established by & series of experiments. Changes in activity which de-
pend on d:ifferent concentrations of gluecose have been observed during experi-
ments in our laboratory both in vitre and in vivo.

Our next task was to trace the changes oceurring in the activity of choline-
sterase in the liver and skeletal musculature after the removal of certain en-
doerine glands., 1In 1947 1n our laboratory, I. M. Dzhakson (9) determined that
the ability of the liver to destroy acetylcholine was decreased by the removal
of the hypophysis. Further research demonstrated that this ability was due to
the presence of cholinestierase in the liver, and that the activity of this en-
2yme changed in accordance with the functional state of the entire organism,
particularly the liver.

Since the suprarenal glands, especially their cortex, influence all types
of metabolism, including carbohydrate and salt metabolism, we assumed that the
remcval of the suprarenal glands would be reflected in the activity of choline-
sterase in the liver and the skeletal muscles of an animal. We based this as-
sumption on the data elaborated above, which demonstrate the connuction between
the functional state of an organ and {ts acetylcholine metabolism. In fact,
after we had removed the Suprarenal glands of a frog, we observed g considerable
change in the activity of cholinesterase in the liver and skeletal musculature.
The activity of cholinesterase in the l{ver in the majority of experiments
showed a considerable decrease, as compared to the liver of normal frogs, and
the activity of cholinesterase in various groups of skeletal muscles decreaged
more in tonie muscles than in tetanic muscles. The skeletal muscles which are
subject to more marked functional changes during the seasonal readjustments of
their metabolism, i.e., the muscles of the frog's forearm, also underge essen-
tial changes (frequently a decrease) in the activity of cholinesterase after
the removal of the suprarenal glands.

We also observed the above relationships in experiments on warm-blooded
animals, i.e., rats whose Suprarenal glands had been removed.

Irritation of the sympathetic and parasympathetic nerve fibers which in-
nervate the liver, and of the sympathetic fibers leading to the skeletal mus-
cles, does not produce any change in the activity of cholinesterase in animals
whose suprarenal glands have been removed. The stight changes in this activity
in the skeletal muscles of such animils after the total denervation of these
muscles are even less pronounced.

-4 -

RDP80-00809A000700180333-1

Sanitized oy Approved or Release 2011/09/14 : CIA



o

N
Sanitized Copy Approved for Release 201

1/09/14 : CIA-RDP80-00809A000700180333-1

Consequently, where a chinze in the acetylcholine metabolism has occurred,
85 noted 1n animals whose adrena} cortex 1s deficient, nerve impulses trans-
mitted by the central nervous system through vegetative and motor nerve fibers
cannot elicit the reaction which usuxlly osecurs in normal animals, i.e., they
do not produce changes in the activity of cholinesterase.

The cbservationg which we have made concern only one small link in the long
chain of chemical processes which oceur in the course of activity concomitant to
the transmission of a nerve impulse, i.e., the- pertain .nly to activity of the
enzyme vhich decomposes acetylcholine in the ofgfMTsm. We are continuing our
work in this field, and in the near future intena to present experimental dats
which w11l bring us closer to ap understanding of the manner in which endocrine
disorders and other pathological conditions modify the intimate processes of the
nervous system.
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